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(54) Title: TOPICAL DELIVERY OF PEPTIDES/PROTEINS ENTRAPPED IN DEHYDRATION/REHYDRATION LIP- 
OSOMES 



(57) Abstract 

This invention concerns a topical delivery or 
small peptides/proteins into the deep tissue of the 
siun via intradermal permeation. Small pepddes/ 
proteins entrapped in liposomes prepared by dehy- 
dration/rehydration method and delivered topically 
via an intradermal route are useful in treatment of 
various diseases by depositing the enu^pped pep- 
tide into the epithelial cells of the deeper tissue of 
the skin. In particular, this invention is useful in 
suppression of the development of skin lesions in- 
duced by virus, bacteria, inflammation or other 
causes by treatment of the infected epithelial cells 
with liposome entrapped small peptide able to re* 
duce the damage to the ephhelial cells or inhibit vi- 
ral replication and expression. 
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TOPICAL DELIVERY OP PEPTIDES /PPOTT^ T^Jg 
ENTRAPPED IN DEHYDRATIOW/REHYDRAT ION LIPOSOMES 



BACKGROUN D OF THE TmiKKi; J n ^l 
Field of the invention 

This invention concerns a topical delivery of small 
peptides/proteins, in particular interferons, into the 
deep tissue of the skin via intradermal permeation. 
Small peptides/proteins entrapped in liposomes prepared 
by dehydration/rehydration nathod and delivered topically 
via a intraderaal route are useful in treatment of 
various diseases by depositing the entrapped peptide into 
the epithelial cells of the deeper tissue of the skin. 
In particular, this invention is useful in suppression of 
the development of skin lesions induced by virus, 
bacteria, inflammation or other causes by treatment of 
the infected epithelial cells with liposome entrapped 
small peptide able tc reduce the damage to the epithelial 
cells or inhibit viral replication and expression. 

Related Disclosures 

There are. many diseases which affect the epithelial 
skin cells which could be succesfully treated without 
submitting the patients to a systemic treatments with 
large doses of drugs which ususaliy cause unwanted or 
imdesirable side effects. 

Among these diseases belong the diseases such as 
viral and bacterial infections, skin allergies, 
inflammati ns, h rm nal disturbances, cancer us or 
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proiif rative growths, sarcomas such as Kaposi sarcoaa, 
warts such as genital warts, psoriasis or alopecia. 

Many of these diseases may be advantageously treated 
by peptide drugs such as antiviral and antibacterial 
peptides, hormones, antiallergens and others snail 
proteins or peptides. However, as will inuaediately 
become apparent, some of these protein or peptides, such 
as for example epidermal growth hormone, are very potent 
and may be quite harmful when given in large quantities 
systemically parenterally or, in the alternative, they 
nay be quickly inactivated by various proteases in the 
gastrointestinal tract when given orally. 

Thus, while it is possible to treat some of th s 
diseases systemically by administering large dosages of 
15 therapeutically effective peptide drugs specific to each 
of these diseases parenterally, more often than not the 
dosage required for such systemic parenteral treatm nt 
is excessivcily large and has unwanted and harmful sid 
effects, mien administered topically, the drugs often 
Ir'se their ef f ectivity because of their inability to 
penetrate into the stratum comexam. 

.It would be therefore advantageous to have available 
a topical treatment for these diseases which would 
eliminate a need for systemic administration of large 
25 amounts of drugs or avoid ineffective topical treatments. 

One of the primary targets for the topical treatment 
with peptide drugs are viral infections, in particular 
herpes virus. Infections caused by herpes viruses are 
among the oldest taiown to man. Recurrent herpes simplex 
30 labialis has been reported to affect almost one-half f 
the population of the t/nited States, and 23% of those 
affected have frequ nt and/or severe recurrences. 
Genital herp s is currently an epid mie venereal disease 
affecting mor than five million Am ricans. 
35 Although many forms of therapy have been tested. 



20 



»tl7 yi/ut/ 17 



PCT/US90/(M316 



-3- 

non has prov n profoundly beneficial in decreasing the 
sev rity and fr quency of the clinical manifestations of 
these herpetic conditions, can. Had. Asaoe. j. . 125:23 
(1981). 

S Once established, herpes virus particles retraat 

into the nerve trunk and remain latent in the 
asymptomatic period. During that time they are located 
in ganglia and are thus inaccessible to therapy. 
Therefore, the succesful control of herpes labialis rests 

10 on the ability to suppress the virus when it begins to 
re-express itself. For that purpose a delivery of an 
effective antiviral agent into the living epidermal 
tissues of the skin during the prodromal stage of lesion 
development would seem to be the most effective, it is 

IS believed that virus replication and lateral spread in the- 
basal iayer can be arrested during this stage by either 
chemotherapeutic or immunotherapeutic drugs such as 
interferon. Can, Med. Asso^. 12s.3>'i(iq«i) 

Antiviral agents interferons are peptide 

20 maciromolecules of molecular weight in the range of 
20,000. They are produced in cell cultures or host 
tissues in .response to Infection with active or 
inactivated, virus and are capable of inducing a state of 
resistance to superinfection with related or unrelated 

2S virus. Interferons are small proteins which interfere 
with viruses other than the one which provoked their 
formation, but are much more effective in the cells of 
the species in which they were evoked than in others. 

Interferon seems to have especially high potential 

30 for the. treatment of herpes, condylomata acuminata and 
other similarly manifested disease states. However, 
systemic regimens of inter fer n adequate to suppress skin 
sympt m logy oft n results in adverse system effects and 
still may n t overc me the inacc ssibility of th target 

35 tissu to the drug. Interfer n drug delivery thua 
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reaalns the singularly aost limiting factor to the 
effective treatment of herpes and other like conditions. 

Thus, it w uld be desirable to have available the 
interferon delivery system which would avoid and prevent 
adverse systemic effect but still deliver the antiviral 
drug to the target cell. 

Similarly to herpes, many other cellular diseases 
such as bacterial infections. Inflammations, allergic 
reactions, cellular metabolic or hormonal disturbances 
face the same problem. Unless there is available 
convenient and effective method for delivering the drug 
intradermally directly to the cell located in deep skin 
tissues, these diseases can only be treated systemically.- 
Thus, it would be desirable to have available the 
peptide/proteiri delivery system which would avoid -and 
prevent adverse systemic reactions but still deliver the 
peptide/protein drug to the target cell. , 

Intereferon's antiviral function seeas to be f 
preventive character. Its antiviral activity rests in 
transmitting messages to other cells to protect them from 
virus invasion. Interferons also seem to cause induction 
of several enzymes that impair viral replication at 
different stages. ThU8> although interferon seems to 
have especially high potential for the treatment of 
herpes, and other similarly manifested viral diseas 
states, it cannot protect an already infected cell. 

Additionally to its preventive function, interferons 
nay enhance host immunity by increasing the 
lynphocytotoxlc activity of natural killer lymphocytes. 
Data from a number of recent clinical studies described 
in Ch§W9thmffY> 32:537 (1986), demonstrate * that 
interferon is most effective when used prophylactically 
rather than clinically for both genital warts and herpes 
infecti ns and sh w that recombinant interferon-alpha 
(IFN-alpha) is highly effectiv in patients with human 
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papillomavirus-related genital Warts and that the low- 
dose regimen (1.5 x 10^ Units) is at least equivalent to 
the high dose treatment (18 x 10^ U) and that recipients 
of the higher dose of IFN-alpha (3 x 10^ U) had few 
outbreaks of genital herpes lesions, a shorter period of 
viral shedding, less itching, and a faster healing time, 
while the lower dose of IFN-alpha (l x 10^ U) was not 
effective. J. Infect. Pis. . 154:437 (1986). 

The combined evidence of these and other studies 
indicate that interferon's ability to activate 
macrophages plays a much more important role in its 
therapeutic effectiveness, particularly as a 
prophylactic, than was previously recognized and that 
interferon acts more as an immunomodulator than an 
antiviral agent and the way in which the initial episode 
is treated with interferon can affect the subsequent 
course of the disease, namely recurrences. Genitourin. 
M^dt > 62:97 (1986). 

The limited usefulness of cytotoxic antiviral 
acyclovir for the treatment of. herpes and related 
diseases may be attributed to its inability to act as an 
immunosuppressive agent. 

The tissue level of interferon needed to arrest 
virus replication is not known. Considerable evidence 
demonstrates that low levels of endogenous interferon 
exist in the normal tissues of animals and man. This 
interferon is presumed to constitute an important part of 
the natural barrier to viral infection. For example, the 

3^ 3Cnff?gtf Pi?. 133: A6 (1976) describes the 

pharmacokinetics of human leukocyte interferon 
administered intravenously to rabbits which detected the 
presenc .of low levels (35-350 units/ml) of baseline 
activity against vesicular stomatitis virus in rabbit 
8 ra and also in the sera f other laboratory animals and 
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of hxaaans. Although interferon was not isolat d and 
characterized, these findings strongly point to the 
xist nc of low endogen us lev Is of int rferon in 
normal tissues. Importantly, the antiviral activity of 
5 interferon was attriiauted to a specific alpha-interferon 
or an acid-labile alpha-interferon. 

When systemic routes of administration are used to 
deliver antiviral drugs to extravascular sites, 
sufficient amount of the drug has to be administered to 
10 account for the drug's distribution through all tissues 
of the body. Therefore, systemic regimens adequate to 
suppress skin symptomology often result in adverse 
systemic effects and still may not overcome the 
inaccessibility of the target tissue' to the drug, in 
15 these regards, drug delivery remains the singularly most 
limiting factor to the effective treatment of herpes, it 
is well recognized that an" optimal prophylactic and 
therapeutic regimen iaust include (i) convenient route of 
administration, (ii) lack of side effects, and (iii) good 
20 therapeutic benefit. since large doses of ^ interferon 
must be given parenterally to achieve a reasonable 
therapeutic benefit, criteria (i) and (ii) are not met. 

It would therefore be advantageous to have a 
convenient route of drug administration which would 
25 achieve a maximal therapeutic effect at a target organ 
with minimal amount of drug thus avoiding undesirable 
adverse systemic effect and achieving the optimal 
prophylactic and therapeutic' regimen. 

over the last five years, a number of clinical 
3Q studies have reported various degrees of success when 
herpes infections and genital warts were treated with 
topical applications of interferon. For example 
Antl)?i9tiKl, 28:848(1983) rep rted that an intment 
containing pig leuk cytic int rferon had a pronounced 
35 therapeutic effect in herp tic af fecti na f th face 
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skin and genitalia. Int. j. clin. Pharmacol, t^ ^tt 
TQXiqolt > 19:498 (1981) reported that treatment f labial 
and genital h rp s with ointments containing human 
leukocyte interferon resulted in loss frequent relapses 
5 and smaller lesion sizes. 

J. Am. Acad. Dermatol.. 5:989 (1986) reported the 
end of new lesion formation, and scabbing and healing of 
lesions were improved in patients with recurrent genital 
" herpes who were treated with alpha-interferon combined 

10 with a surfactant fungicide nonoxynol-9 in a cream base. 
Mnss^, 23:150 (1988) reported that topical application 
of interferon-beta in a carboxymethyl cellulose gel base 
during herpes eruptions reduced the mean number of 
recurrences and the duration of eruptions in patients 

IS with herpes involving either the lips or the genitals. - 
When this gel was applied at the time of eruptions, there 
were no recurrences for at least a year in 10 of 12 cases 
of genital herpes treated. 

Despite the above, there have been some clinically 

20 disappointing outcomes of topical interferon therapy. 
Antifficrob. Agents Chemother. 31:1137 (1987) reported in 
a study of 94 patients with recurrent genital herpes, 
that when aqueous solutions of alpha-2a interferon were 
applied to \ihroofed vesicles, the placebo was as 

25 effective as the drug-containing fomulation with respect 
to the duration of viral shedding, the time of crusting, 
and the time to healing of herpetic lesions. The lack of 
efficacy of the interferon formulation described above 
may well have been caused by the failure of the delivery 

3Q vehicle (a simple aqueous solution) to facilitate 
transport of interferon through thie skin. This, 
hypothesis is. supported by the report; in Antimicrob. 
Agents Chenothag. . 25810 (1989) showing that efficacy of 
topically adainist red acycl vir is dependent on the 

35 ability f acyclovir to pen trate the skin and thus on 
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th delivery vehicle used and by a r cent study described 

^ Int^rt^f. R9?t, 7:213 (1987) showing that 

therapeutic fflcacy of recombinant interferon-alpha 
evaluated against experimental dorsal cutaneous HSV-i 
5 infection of guinea pigs, was tied to the delivery system 
and the timing of its use. 

It would be, therefore, beneficial to have available 
an interferon-containing formulation which would allow 
the maximal efficacy of transfer of interferon- by 
10 permeation through the skin* 

Liposomes recently have/received much attention in 
the search of a more effective means of delivering 
intrinsically active drugs to their tissue targets. 
Liposomes are microscopic vesicles consisting of one or 
15 more concentric lipid bilayers enclosing an equal -numb r 
of aqueous compartments. Introduced as a model membrane 
system, they have increased our understanding of 
biological membrane structure and function. More 
recently, liposomes are being viewed as potential 
20 carriers for site-directed delivery of drugs such as 
insulin, enzymes, antimicrobials, anti-tumor agents and 
biological response modifiers. An. w.v. An^rt. 
308:281 (1988). The attractiveness of liposomes as drug 
carriers lies in their ability to encapsulate and 
25 physically protect drugs, and their potential to 
selectively concentrate or deliver drugs at or to various 
body sites, even to the point of facilitating the 
transport of some drugs across biological membranes. 
Lipoisomes are generally nontoxic and readily metabolized, 
30 which adds measurably to their attractiveness. • 

The effectiveness of liposomes as drug carriers have 
been proven in many instanc s. For xample, the lipid 
constituents f th lip somes hav been sh wn to greatly 
affect drug entrapm nt, shelf life stability, the 
35 1 cation of a drug in the liposome, th stability of drug 
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and llposoae in physiological environment, the 
pharmacokinetics and tissue specificity of both the 
liposome and entrapped drug, the ability of the lipos ae 
and/or entrapp d drug to penetrate cell membranes, and, 

5 most importantly of all, the pharmacological activity of 
the encapsulated drug. J. Viro . . 41:575 (1982); jj^. 
Xpt^yfeyon Res., 1:495 (1981) and 2:117 (1982). Since 
the lipid constituents of the liposomes are easily 
manipulated, the new more efficatious delivery systems 

10 may be designed for specific types of drug delivery via 
liposomes. 

Both fibroblast and leukocyte interferons have been 
incorporated successfully into liposomes. Studies 
reported in J. Interferon Re^^^ 3.161 (1983) show that 
15 the physical location and the extent of incorporation of 
interferon in liposomes as well as interferon's stability- 
and antiviral activity are dependent on lipid composition 
of the liposome. 

The first suggestion of liposomes' usefulness as 
20 drug carriers by the topical route was described in Life 
Sffii., 26: 1473 (1986) which reported that the 
percutaneous absorption of a . liposomally encapsulated 
drug, triamcinolone, through rabbit skin was reduced 
relative to when the drug was applied in an ointment but 
25 that the concentration of liposomally delivered drug was 
greatly increased locally into epidermis and dermis, 
suggesting that the liposomes penetrate and cross 
biological membranes in order to reach selected tissue 
locations. 

30 Subsequently, it was shown in Int. J. Pharm. . 20:139 

(1989) and J. cont. Reii>»>yo^ 2:61 (1988) that intact 
liposomes themselves do not penetrate intact skin but 
that, they facilitate deposition of drugs ass ciated with 
lip somal bilay rs into the skin. 

35 
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A successful treatment of cutaneous virus infections 
with interferon relies on an ability to effectively 
deliver interferon to the inf cted cells. Thus far it has 
been impossible, even with liposome encapsulated 
5 interferon, to obtain adequate tissue levels to ccntrol 
herpes and other skin viruses by conventional topical 
routes of drug administration. 

Thus, a pharmaceutical composition suitabl for 
topical administration of small peptides/proteins and 

10 antiviral interferons which would ' overcome the 
disadvantages of systemic administration and provide 
adequate and effective delivery of peptides/proteins and 
interferons into infected cells and assure tissue levels 
of these drugs able to - control herpes and other skin 

IS diseases would be extremely valuable. 

It has been now discovered that the method of 
preparation of liposomes may be very .important with 
respect to ' the physicochemical behavior and ultimat 
therapeutic efficacy of these liposomal systems. of 

20 particular importance was the discovery that when the 
small peptide/protein or interferon is encapsulated in 
traditionally prepared liposomes, it lacks therapeutic 
efficacy. When, however the polypeptide liposomes are 
prepares by a technique which facilitates its association 

25 with bilayers, the polypeptide penetrates intact skin and 
is extraordinarily therapeutically active. such 
technicpie has been found to include dehydration and 
rehydration of liposomes. Although the mechanism of 
physical entrapment and the exact location and 

30 distribution of polypetide in dehydration/rehydration 
liposome vesicles (DRVs) are not quite clear, the large 
amounts of polypetide are taken up by DRVs, a significant 
amount of the p lypetide is internalized within DRVs and 
lipos nally ntrapped polypetide is stable for at least' 
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one year while maintaining its antiviral activity under 
thes conditi ns. 

Thus, it is a primary object of this invention to 
provide a suitable system for efficatious topical 
5 delivery of small peptides, polypetides and interferons 
by way of a liposomal ^delivery system. 

SUMMARY 

One aspect of this invention is a pharmaceutical 
composition for a topical liposomal intradermal delivery 
through stratum cormeun of peptides/proteins normally 
nonpenetrating skin. 

Another aspect of this invention is the topical 
liposomal formulation with encapsulated small peptide 
which provides enhanced skin penetration and increased 
15 bioavailability of the peptide underlining target tissue, 
in cells. 

Another aspect of this invention is the method of 
intradermal delivery of liposomally entrapped small 
peptide into diseased cells. 
20 Vet another aspect of this invention is the method 

of, treatment of diseased cells and tissues by 
administering, the composition containing peptide drug of 
this invention intradermally to the human or animal skin 
surface. 

25 Still another aspect of this invention is the 

process of preparing the topical pharmaceutical liposome 
composition with entrapped peptide. 

Yet anpther aspect of this invention is the method 
bf. intradermal delivery of liposomally entrapped 
30 interferon into virus-infected cells. 

Still another aspect of this invention is the 
pharmaceutical composition tor the topical intradermal 
delivery f lip some encapsulated antiviral interferon. 
An th r aspect of this invention is the topical 
35 lip somal formulati n with encapsulated interf r n which 
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provides nhanc d skin penetration and increased 
bioavailability of the interferon in cells. 

Y t an ther asp ct of this invention is the method 
of treatment of viral infected cells and tissues by 
5 administering the composition of this invention 
containing interferon intradermally to the human or 
animal skin surface. 

Still another aspect of this invention is the 
process of preparing the topical pharmaceutical liposome 
10 composition with entrapped interferons. • 

PREFERRED EHBOn;]^f^-g][JY<^ 

Preferred embodiments of this invention are liposome 
formulations comprising egg lecithin, cholesterol and 
phosphatidylserine with about 5-30% of encapsulated small 
15 peptide prepared by dehydration/rehydration. method. - 
More preferred embodiments of this invention are 
liposome formulations comprising d'imyristoyl- 
phosphatidylcholine,, cholesterol and phosphatidylserine 
in ratio 2:1:0.33 with about 15^30% of entrapped small 
20 peptide; 

The most preferred embodiments of this invention 
are liposome formulations comprising ceramide, 
cholesterol, palmitic acid and cholesteryl sulfate in 
molar ratio 4:2.5:2.5:1 with encapsulated peptide. 

25 BRIEF PESgRTPTTOW P O FIGPREfi 

Figure 1 illustrates the topical antiviral activity 
of peptide interferon-alpha in aqueous solution on HSV- 
I lesions, compared to virus control in the cutaneous 
guinea pig model. 

30 Figure 2 illustrates the topical antiviral activity 

of peptide interferon-alpha entrapped in water-in-oil 
emulsion on HSV-I lesions, compared to virus c ntrol in 
th«t^ cutaneous guinea pig model. 

Figure 3 illxistrates the topical antiviral activity 

3g against HSV-X of int rf eron-alpha ntrapp d in negativ ly 
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charged EL:CH:PS-MLVs compared to virus control in the 
cutaneou guinea pig model. 

Figure 4 illustrates t^.e topical antiviral activity 
against HSV-l of interferon-alpha entrapped in negatively 
5 charged EL:CH:PS-LUVs compared to virus control in the 
cutaneous guinea pig model. 

Figure 5 illustrates topical activity of interferon- 
alpha entrapped in negative EL:CH:PS-DRVs prepared by 
dehydration/ rehydration method compared, to virus control 
10 in the cutaneous "guinea pig model". 

Figure 6 illustrates the topical activity of 
interferon-alpha entrapped in negatively charged 
DMPC:CH:PS-DRVs prepared by dehydration/rehydration 
method, compared with virus control in the cutaneous 
15 guinea pig model, expressed in lesion score. 

Figure 7 illustrates the topical activity, expressed 
in lesion score, of interferon-alpha entrapped in skin 
lipids CM:CH:PA:CHS-DHVs compared to virus controls in 
the cutaneus guinea pig model. 
20 ' Figure 8 illustrates the topical activity of skin 
lipid CM:CH:PA:CHS-DRVs containing free interferonralpha 
compared to virus control in a cutaneous guinea pig model 
and expressed as lesion. 

DETAILED DESCRTPTTQW np THE TMygMTTQiy 

25 OsllnS^XsDa. 

The term ''phospholipid" means and includes lipids 
such as dlmyristoylphophatidylcholine (DMPC) , cholesterol 
(CH) , distearoylphosphatidylcholine (DSPC) , egg lecithin 
(EL), phosphatidylserine (PS) , stearylamine (SA), 

3Q cholesterol (CH) , cholesterol sulfate (CHS) , phosphatidic 
acid (PPA), phosphatidylglycerol (PG), 
phosphatidylcholine (PC) , phoshatidylinositol (PI) , 
cardl lipin (CL) , plasaalogens (PM), sphingomyelin (SM), 
bovine brain ceramld s (CM) and palmitic acid (PA) . 

35 Thes ph sph lipids may be fully saturat d or partially 
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hydrogenated. They nay b naturally occurring or 
synthetic. 

The t rm "liposome" means and includes liposome 
vesicles such as multilamellar vesicles (MLVs), large 
unilamellar vesicles (LUVs) usually larger than lOO nm, 
small unilamellar vesicles (SUVs) closed bilayer vesicles 
of about 25-50 nm, and dehydration/rehydration vesicles 
(DRVs) which are large unilamellar or o^igolamellar 
liposomes formed during the dehydration by fusion of 
small vesicles, into multilammelar film which effectively 
encapsulate large amounts of the drug between successive 
layers and upon rehydration results in relatively large 
vesicles. 

Tlie term "peptide" include all small proteins and 
15 Peptides/proteinsincluding polypetides with molecular 
weight between 900 and 50,000, whether naturally occuring 
in animals or humans or artef icially prepared and/or 
sythesized or purifiiad. 

Preparation Preeedurffff 
20 I. Liposomes 

Preparation of i^ipognpto^ 

Liposome type, size, lipid composition and charge 
affect the degrees of drug entrapment or encapsulati n, 
the drug's location in_ the liposome, stability, 
25 pharmacokinetics, tissue specificity and ability of the 
liposome and/or entrapped drug to penetrate c 11 
membranes and exert their pharmacological effect. 
Lipid CoinpositiQn und CharoA 

Liposomes of the current invention can be neutral, 
30 such as formed from egg lecithin (EL) and cholesterol 
(CH), positively charged such as those containing, 
stearylamine in combination with egg lecithin and 
ch lesterol, r negatively charged such as those 
c ntaining phosphatidylserin (PS) ph sphatidylinositol 
35 (PI), phosphatidylglycerol (PG), phosphatidylcholine 



wo 91/01719 



PCr/US90/04316 



-15- 

(PC), phosphatldic acid (PPA), 
dimyristoylphosphatidylcholine (DMPC) r 
distearoylph sphatidylcholine (DSPC) . Positive liposomes 
containing EL:CH:SA (2:1:0.33) were found to be slightly 
5 irritating to the skin. Neutral liposomes of this 
invention tended to floculate to large aggregates within 
one week of storage. Although both positive and 
negative liposomes are contemplated to be within the 
scope of this invention, the most preferred liposomes 

10 suitable for practicing this invention are negatively 
charged liposomes, both MLVs and LUVs, comprising 
EL:CH:PS or DMPC: CH: PS in molar ratio from 1:0.5:0.01 to 
3:3:1, preferably in molar ratios of 2:1:0.33 prepared by 
dehydration/rehydration technique. 

15 Additionally, so called "skin lipid" liposomes were 

prepared from lipids with compositions similar to those 
found in stratum corneum. These sk£n liposomes were 
preferably made of the following lipids: bovine brain 
ceramides (CM) cholesterol (CH) , palmitic acid (PA) and 

20 cholesteryl sulfate (CHS) . 

Unlike all other biologic membranes, strattim corneum 
does not contain phospholipids, but consists primarily of 
ceramides (40%), cholesterol (25%), fatty acids such as 
palmitic acid (25%) and cholesteryl ' sulfate (10%^. 

25 Liposomes prepared using lipid compositions using the 
above lipids formed stable skin liposomes. Variation of 
the mole ratios of the components of skin lipids were 
shown to affect phase transitions of their bilayers and 
stability of the resulting structures. The skin lipid 

3Q liposomes as a intradermal drug delivery system and/or as 
a model membrane system were tested side by side with 
negative liposomes, both prepared by 
dehydration/rehydration. 

Lip somes best suitabl to practice this inv ntion 

35 are those liposomes prepared by dehydration/rehydration 
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technique (DRVs) , describ d infra, which are superior to 
MLVs and LUVs prepared by other techniques with respect 
to interferon entrapment and antiviral activity as 
determined by the cutaneous herpes guinea" pig mod 1. 
5 MLVs and LUVs prepared by standard techniques were used 
as control liposomes for comparison of bioef fectivity of 
new compositions, particularly the skin lipid liposomes. 
Multilam ellar Liposomes fMT.V) 

MLVs were prepared, by standard procedures known in 

10 the art. The various lipid mixtures were dissolved in 
chloroform and rotary-evaporated using any suitable 
method such as drying under nitrogen. The flask 
containing the thin lipid film w:as stored under vacuuK 
from 5-48 hours, preferably overnight, to facilitate 

15 removal of residual solvent. The lipid film was then 
resuspended at a temperature abcye the phase transition 
temperature of the used phospholipid in a suitable buffer 
such as calcium-magnesium free phosphate buffered salin 
(pH 7.0) containing various concentrations of a peptide 

20 such as interferon, hormone and such others, in the 
presence of albumin. The mixture was vortexed for from 
5-60 minutes preferably 10-30 minutes and all fre , 
nonentrapped peptide was preferably reiaoved by passage 
through a suitable Sephadex G-75 column or by repeated 

25 centrlfugation at 100,000 g. However, even if free drug 
was not removed, leakage from the aqueous compartment was 
minimized since its external thermodynamic activity 
approximates its thermodynamic activity in the aqueous 
compartments of the liposomes. 
30 Control empty liposome's were prepared as above, but 

in the absence of interferon. 

L»rqe Vnilamellar- Vesicles tixry) 
- UJVa can b prepared by any suitable method such as 
by the reverse-phase evaporati n (REV) process disci sed 
35 in U.S. Patent 4, 529, 501, inc rporated by refer nc , 
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thin-film hydration, sonication, high shear 
fragmentation, freeze-drying, and preferably by the 
extrusion nethod, all above meth ds well known in the 
art. 

5 Large unilamellar and oligolamellar vesicles with 

high entrapment efficiencies have been formed by a method 
reported in BBP^, 816:1 (1985) . During extrusion MLVs are 
repeatedly extruded through very small pore diameter 
polycarbonate membranes (0.1 um) under high pressure (up 
10 to 250 psi) so that their average diameter becomes 
progressively smaller reaching a minimum of 100 nm after 
about 5-10 passes. As the MLVs are forced through the 
small pores, successive layers are peeled off until only 
one remains. 

15 To prepare extrusion type liposomes for these 

studies, the extrusion apparatus (The Extrudor obtained 
from the Lipex Biomembranes Inc., Vancouver, B.C<, 
Canada) is fitted with 100 nm pore size polycarbonate 
membrane filters ^ (Nucleopore Corporation, Pleasanton, 

20 CA). 

Control or empty liposomes are prepared as above, 

but in the absence of the peptide. 

Dehvdration/Rehvdrafcion Liposo mes fDRV^ 
The DRV were prepared by the method described in 
25 Liposome Technology. 1:19-28 (1984), CRC Press, Ed. 6. 

Gregoriadis. 

In this method, empty sonicated vesicles ar<s nixed 
in an aqpieous solution containing the solute of peptide 
desired to be encapsulated and the mixture is dried under 
3Q a stream of nitrogen. During the dehydration, the small 
vesicles fuse to form a multilamellar film that 
effectively sandwiches the solute molecules between 
successlvd layers. Upon r hydration, large vesicles are 
produced which have ncapsulated a significant proporti n 

35 
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of the solute. Control enpty liposomes were prepared as 
abov , but in the absence of peptide. 

Th ab ve d scribed m thod nay be advantageously 
modified and used for large scale production. The method 
depends mainly on controlled drying and rehydration 
processes and does' not require extensive use of organic 
solvents, detergents, or dialysis systems. The peptide 
is thur .iaver in contact with organic solvents or 
detergents. 

Phvaieal Charaeterization of Liposomes 

Size and Merpholocrv 

The size distribution, of the liposomes was 
determined by a combination of light microscopy and 
electron microscopy. A Nikon Diaphot inverted microscope 
was used to visualize liposomes having diameters > 0.5 
micrometers. Examination of uncharged neutral liposom s 
with the light microscope revealed flocculation problems 
long before they were apparent with the naked eye. 

Electron microscopy was ..used to determine size 
distribution of the smaller vesicles (0.5 microns in 
diameter). Three hundred-mesh copper or stainless steel 
grids were cleaned ultrasonically in glacial acetic acid 
and coated with formvar. A Denton 502 evaporator was 
used to coat the grids with carbon. Negative staining of 
liposomes was carried out by placing a small drop of th 
vesicle sample on a freshly prepared grid surface and 
drawing off the excess with filter paper. A drop, of 2% 
sodium phosphotungstate or 2% ammonium molybdenate at pH 
7.4 was placed on the grid and allowed to stain for 30 
seconds. Excess stain was removed, the grids dried, and 
viewed with a JEM 100 CX electron microscope operated at 
75 KV. 

For determination of m rphological changes of th 
liposomes n exposure to int rf ron, the techniqu of 
freeze-fracture lectron microsc py was used. Liposom 
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samples were centrifuged at 100,000 g and suspend d in 
30% glycerol in buffer. Droplets pf the sample 
(approximately 10 ml) wer racunted n gold cops and 
quickly frozen in lipid Fre n 22. The samples were 
5 stored in liquid nitrogen until used, at which time they 
were placed in a Balzers BA 360M freeze etching device at 
-150°C and shadowed with platinum within two seconds 
after the last fracture. After replication. with carbon, 
the samples were removed from the chamber and cleaned in 
10 1% hypochlorite solution. After rinsing with double 
distilled water, the replicas were mounted on copper 
grids and studied in a JOEL Model JEM 100-cs electron 
microscope. 

After the liposomes have been characterized by 

15 electron microscopy, quasi-elastic light scattering 
(QELS) was used as a quality control check for studied 
liposomal preparations. Presently, a Langley-Ford LSA- 
2 spectrometer containing a 5 mW helium-neon laser light 
source (wavelength-632.8nm) and a fixed scattering angle 

20 of 90 is used. Liposomes are examined using a sample 
time of 2.9 X lo"^ seconds. Calculations or particle 
size diameter were performed by a Model 1096 CM64 
autocorrelator using 64 channels. 

surface Charge of the I^ipoanw^g 

25 Proteins and polypeptides interact with liposome 

bilayers by way of the interaction of proteins with 
bilayers. Such interaction depends on hydrophobic 
associations of the protein with the phospholipid which 
are facilitated by initial electrostatic binding. In 

30 general, peptides/proteinssuch as interferon do not 
penetrate phospholipid monolayers and bilayers; but it 
seems that the polypeptide, when incorporated in 
lip som 8, adsorbs to polar head gr ups of the bilay r. 
The effect f interferon n th on the surface charge of 

35 liposom s was studied in order to determine th xtent of 



wo 91/01719 



PCT/US90/043I6 



r20- 



its bilayer association. A model 501 Lazer Zee Meter was 
used to determine the electrophoretic nobHity (zeta 
potential) of th liposomes. This instrunent is 
extremely sensitive since it does not tract individual 
S particles but rather adjusts the image to produce a 
stationary cloud of particles using a rotating prism 
technique. A number of studies have shown that the 
phospholipid content of the liposomes affects the extent 
of entrapment of peptides/proteinssuch as interferon 

10 within bilayers. Determination of electrophoretic 
mobility of the various liposomes in the presence and 
absence of peptide was used in demonstrating the extent 
of these interactions. For a given liposome composition, 
zeta potential was determined for: (i) "blank" liposomes; 

15 (ii) "blank liposomes incubated with peptide; (iii) 
liposomes containing entrapped peptide; and (iv) 
liposomes containing entrapped peptide after trypsin 
treatment. 

ggtemlnation of Pear»i% of v^r^^iA^ ^ ntraomAntr 
20 To calculate the theoretical amount of peptide that 

can be trapped nonspecifically in a given liposomal 
system, it is necessary to~ know internal volume of the 
liposomes (yoluae of the aqueous compartments) . Internal 
volume was measured by the method described in Hoppe- 
25 g^YUr'g PhYgjglt Chftfflir 362:1051 (1981). Liposomes were 
prepared in buffer containing K3(CN)g (250 mOsM) and a 
sample passed over a previously washed and swollen 
Sephadex 6-25 column to separate free and trapped solute. 
The amount of K3(CM)g present inside the liposome (th 
30 aqueous phase entrapment) was determined from the 
absorbance at 420 nm after lysis of the liposome by 
Triton X-100. 

The amount of captured peptide was determined by a 
numb r of m thods. First, liposom s containing p ptid , 

35 . . ■ ■ • 
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in this instance 14^ « . 4 ^ , , 

C-R combinant- Leukocyte A Interferon, 

w re used for sere ning procedure for capture efficiency. 
Samples of the liposomal dispersions were incubated with 
Triton X-100 (0.5%) for one hour to completely . disrupt 
the liposomes and free the entrapped interferon. The 
amount of interferon captured was determined by 
scintillation counting and the amount of lipid was 
determined by the method described in J. Biol. rho„. ,, 
66:375 (1925). In. addition and in order to remove all 
free interferon or other peptide, these systems were 
exposed to trypsin treatment to destroy the interferon 
not internalized within the liposomes. These procedures 
allowed for quick elimination of systems which 
inefficiently internalize interferon. The liposomal 
formulations which pass the screening procedure wire 
tested using the biological peptide assay previously 
described. 

The degree of peptide interferon entrapment for the 
various liposomes was determined as follows. Two 
aliquots of 100 ul were removed and one aliquot frozen 
for future assay to determine total peptide interfer n 
(Total IFN). The second aliquot was placed in a Beckman 
centrifuge tube and centrifuged at 148,000 x g in a 
Beckman Airfuge for 30 minutes. The supernatant was 
25 withdrawn and the pellet washed 3 times with 100 ul HEPES 
buffer. The supernatant with the washings was frozen for 
future assay for determination of free peptide interferon 
(Free INF). The pellet was dissolved in 500 ul of 0.4% 
sodium deoxycholate in HEPES (previously shown not to 
interfer with the interferon assay) and samples wer 
frozen for future assay to determine the amount of 
entrapped peptide interferon (Entrapped IFM). 

In ord r t d termine the perc nt of pellet- 
ass ciated interferon that is free or bound to the 
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outside urfac of th bilayer (trypsin sensitive) , the 
procedure described in infect. Immun.. 31:1099 (1981), 
was used, int rferon, either free or contained within 
the liposomes was incubated with trypsin (50 mg/ai) f r 

5 30 minutes at 37°c, at which point antitrypsin (ISOag/ml) 
waa added for an additional 30 minutes. Controls wer 
run by incubating samples at 37®C in buffer for at least 
one hour. Samples were then assayed for interferon 
activity, either directly in the case of free interferon 

10 or after detergent lysis in the case of liposoaally 
entrapped interferon. Trypsin destroyed 99.9% of the 
activity of free interferon. 

The same assays as those described above are used 
for all other peptides/proteinswhich are covered by the 

15 scope of this invention. 

St;9bilitv of LiPOSomallv Entra pped Pent Ida 
The stability of liposomal systems is a complex' 
issue. The overall stability includes a number of 
parameters; ; (i) morphology of the liposomes; (ii) 

20 chemical stability of the liposomal lipids; (iii) 
chemical stability of the entrapped drug; and (iv) 
integrity of the liposomes with respect to drug, i.e. 
their ' leakiness. Liposomally entrapped peptide 
interferon dispersions were stored at 4, 25, and 37°c. 

25 At weekly intervals for one month and at monthly 
intervals thereafter, samples were analyzed to monitor 
the following: 

Physical ciiauaaa:. Light and electron 

microscopy was used to observe the morphological changes, 
30 e.g., liposomal size and size distribution, evidence of 
fusion and evidence of flocculation. 

2. Chewigflt Btflfrility: Lipid peroxidation was 
monit red by th appearance of conjugat d dienes, as 
determined by increased UV abs rption in the 230-260 na 
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range and lipid hydrolysis will be monitored by 
appearance of lyso-PC, as determined by phospholipid 
extraction f llowed by reparation of Pc and lyso-PC by 
TLC. 

5 3^ Antiviral a<Ptj.vtt^Y: samples were withdrawn at 

appropriate time intervals and processed as described 
above for determination of degree of entrapment. The 
interferon activity was determined and compared with the 
value at time zero. Analysis of supernatants and pellets 

10 determination of the percent of interferon that leaked 
from the liposomes but remained active in the free state. 
The data obtained for the 25 and 37®C samples 
constituted our screening procedure and allowed the 
choice of the more stable systems for longer term 

15 stability testing and evaluation of transport properties 
into the skin and the intradermal activity in the 
cutaneous herpes guinea pig model. 
Active Compounds 

Active compounds of this invention are either 
20 peptides or proteins which are under normal circumstances 
penetrating very little or nonpenetrating through the 
skin and therefore, their topical therapeutic efficacy is 
limited or nonexistent. The primary purpose of this 
invention is to provide a means for these 
25 peptides/proteins to reach the target tissue and/or 
tissue cells underlining the stratum comexm by allowing 
or enhancing the penetration through the stratum comeuw, 
such penetration having been achieved via encapsulation 
in liposomes. 

30 Compounds encapsulated in liposomes prepared by the 

above described procedure include but are not limited to 
. peptides, as defined in Definitions, with molecular 
weight from 900 to 50,000. All peptides/proteinsand 
other small molecules which would be active and us ful as 

35 antivirals, antiinflammatories, antiproliferatives. 
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antibacterial, antiallergenic, antitumorous , or for 
hormon© treatments, for treatm nt of Kaposi Sarcoma, 
Psoriasis, Alopecia, genital warts and for ther 
therap utical uses nay b advantag ously formulated into 
5 liposomes of the current invention and administ red 
intradermally. 

The examples of the active compounds normally 
nonpenetrating through the skin and or stratum corneum 
suitable to be encapsulated into the topical liposomal 
formulation for intradermal penetration into, and through 
the stratum corneum to the underlining target tissue are 
peptides, such as TCMP-80-F-cell modulatory peptide, 
bradykinin antagonist, Anaritide, Auriculin atrial 
peptide, pentagetide; tumor necrosis factors; vaccines 

,5 such as hepatitis B vaccine, Escherichia coli vaccin , 
HIVAC-le vaccine, Vaxsyn HIV-1, conjugate vaccine- for 
haemophilus influenzae, cancer vaccine, malaria vaccines. 
Factor VIII :c, endogenous humanjg insulin or of 
recombinant DNA origin, endogenrous somatotropin, or of 

2Q recombinant DNA origin, human growth hormone, tissu 
plasminogen activator, HAb; anticoagulants or 
thrombolytic agents such as prourokinase, colony 
stimulating factors such as granulocyte/colony 
stimulating factor, granulocyte macrophage/colony 

^ stimulating factor; dismutases; such as superoxide 
dismutase, PEG-SOD superoxide dismutase erythropoietin 
such as Epogen, Marogen, Eprex; interferons such as 
interferon-alpha, interferon-alpha 2a, inter feron-alpha 
2b, human leukocyte interferon-alpha, recombinant human 

30 ^"^^^'^^^'^on-beta, interferon gamma, inter f eron-concensus ; 
interleukins such as interleukin-2 , recombinant human 
interleukin-2, recombinant human interleukin-2/LAK cell 
therapy, • recoabinant human int rleukin-2/Rof ron-A 
c mbination; mon clonal antib dies such as Anti-Leu-2 
HAb, MAb-L6, Centoxin, Panorex, ovarian RT, Center 1 
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antiplatelet MAb, Onco-Rad MAb, addc agent MAb, oncc 
Scint CR 103 MAb> Melanoma 1-131 MAb, orthoclone 0KT3 
MAb, Xoaen-E5 HAb, XomaZyae-Mel MAb, XomaZyne -H65, other 
peptides such as thynrosin or Factor vill c, antibodies 
5 such as endotoxin antibodies, toxins such as diphteria 
toxin, inmunotoxins, and others. Also suitable to be 
formulated in the liposomal composition claimed therein 
are ANF atrial naturetic factor, TPA, prourokinase, 
erythropoietin, hGH, EGF epidermal growth factor, 
10 angiogenesis factor, lipocortin, cyclosporin, 
glucoproteins, calcitonin gene-relaxed peptide, IL-I, 
IL-2, lL-3 aulti-CSF, IL-4 B-cell GF, GM-CSF, H-CSF CSF- 
1, G-CSF, TNF-alpha, TNF-beta, Mullerian inhibitory 
substance, Muromonab-CDj , MAb/immunotoxln, hepatitis B 
15 surface Ag, herpes II surface Ag, malaria Ag, HIV Ag, 
bGH, pGH, BoIFN-alpha, BoIL-2, HuIFM-alpha, Eg, Bo', Po 
fertility hormones FSH and, Ul, pseudo-rabies Ag, 
recombinant factor VIIl, f Ibronectin, insulin-like growth 
factor I, recombinant alpha-l-antitrypsin, asparaginase, 
20 adenosine deaminase, recombinant soluble hximan CD4, 
glucocerebrosldase, thymiopeptin TP5, and other peptides 
or protein whether of endogenons or recombinant origin or 
whether naturally occuring in man or animal or synthetic. 
The current invention uses primarily the peptide 
25 interferon in particular Interf eron-alpha as illustration 
fo Its utility, however, the use of all other 
peptldes/proteinsand other molecules falling within th 
scope of the Definitions is contemplated under the scop 
of this invention. 
30 Interfer ons Used 

Recombinant Leukocyte A Interferon was obtained from 
Hoffmann-La Roche, Inc., Nutley, NJ, as a lyophi'llzed 
powder for Injection. It contains approximately 2 X 10® 
units/ml when rec nstltuted (specific activity is 
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approxinately equal to 2 x lo® units/ng) . 14 

Rec xnbinant Leukocyte A Interfer n (approximately lo 
nicrocuries/300 micr grams) was also to be suppli. d by 
Hoffmann-La Roche, Inc. 
Interferon Assay 

A biological assay described in Can. J. Kicrobtol ,. , 
21:1247 (1975) was selected for measurements of peptide 
interferon for the following two reasons: (i) the' level 
of sensitivity enabling detection of picograms of 
interferon protein exceeds that of conventional radio- 
immunoassay systems, and (ii) a bioassay able to 
distinguish between biologically active interferon 
molecules or inactivated Interferon protein. 

The. above cited procedure was used with slight 
modifications. Briefly, growth medium was removed from 
96-well microtiter plate cultures of human embryonic lung 
cells (HEL) that have reached confluency. To dilute 
samples containing interfon. Eagle's minimum essential 
medium with Earle's salts (MEM(E)) supplemented with 2% 
fetal bovine senm and antibiotics was placed in a 
sterile ccatainer and 110 ul was added to each well wi*».n 
a multitlpped pipetter. Fifty ul. of each peptide 
interferon sample or an appropriate peptide, interferon 
standard containing lOOO international reference units 
25 were pipetted into the first well (lo'°*^ dilution) of an 
8-well row with a micropipette. Each sample was titrated 
in duplicate or triplicate, with a multitipped pipetter, 
the samples were diluted directly over the cells in half 
log 10 increments by transferring 50 ul seriially through 
the eight wells. Appropriate cell and virus controls 
were included. After incubation for 5 hours or more at 
37*^0, th9 peptide interferon samples were removed. 
Cuitur 8 w re then rinsed with HEPES-buf f ered salin 
(HBS). Twenty-five ul of a suspension containing 
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approximately 50 plague- forming units of vesicular 
stomatitis virus in MEM(E) supplemented with 2% fetal 
bovine serum and antibiotics were added to each well 
(supplemented MEM(E) alone was added to cell control 
wells) and incubated for 1 hour at 37^0 in a humidified 
4% C02-enriched atmosphere. Unabsorbed virus was 
carefully removed and a methyl cellulose overlay medium 
supplemented with 2% fetal bovine serum and (50 ul) 
antibiotics pipetted into each well. After 16-24 hours 
of additional incubation at 37®C and 4% CO^, plaques were 
counted microscopically ' or they were developed for 
visualization by staining. Staining was performed by 
removing the overlay medium and adding 50 ul of crystal 
violet solution per well. After 3 minutes, excess stain 
was removed by rinsing with HBS. The plaques were 
counted, and the end point was? calculated as described 
infra. . 

In the plaque reduction assay, one unit of 
20 contained in the highest dilution of a 

sample that inhibits 50% of the challenge virus plaques. 
Dose-response relationships were constructed by linearly 
regressing prohibit values of the percent inhibition of 
plaque formation against log interferon concentrations. 
The 50% inhibitory (ig^) concentrations and the 95% 
2S confidence intervals was calculated from the regression 
lines when necessary, additional calculations were made 
to express the results in international reference units. 

This assay would be applicable for all antiviral 
peptides/proteinsuseful in practicing this invention. 
^ methods Related to Interaetion^ PftT ?1 ;1 l^l ^ 

aitn Ph9?Bhgl1PH Arid Skin Lipid MonQlav^r.« > n d Bil>v«^« 
Liposomally encapsulated peptide is transferred from 
the phospholipid liposome into.th skin. P ptid such as 
interferon encapsulated in liposomes, in particular in 

3S 
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liposomal DRVs, does not penetrate liposomal bilayers but 
associates with the bilayers- polar head groups, in this 
manner, the lipos mes act as a donor and stratum corneum 
of the skin as a recipient. 
Monolay^^ r Studies 

Polypeptide-lipid interactions method was used to 
determine interaction of peptide with monolayer, in this 
technique a lipid was spread on the surface of a buffer, 
the peptide was injected into the subphase, and the 
extent of the resulting interaction was determined by 
measuring the change in surface pressure. This 
techniques provided insight into protein interactions 
with, artificial and natural lipid bilayers. The 
monolayer penetration studies were performed by a 
modification of the constant-area monolayer technique 
procedure in i_Elian!L_SfiU, 2:244 (1983). 

The used lipid mixtures correspond to the various 
liposomal lipid compositions tested. Individual lipid 
components of these mixtures were tested. The 
experiments were performed at 25°C and 35° using a Rosano 
surface Tlsnsiometer (Laboratory Products Inc., Boston, 
MA) equipped with a sandblasted platinum Wilhelmy plat 
to measure surface tension. The subphase consisted of 
90.0 ml of 0.05M HEPES at pH 7.0 containing sodium 
25 chloride to adjust the ionic. strength to 0.2. The pure 
lipid or lipid mixture was spread from a suitable solvent 
in Miounts sufficient to produce the Initial surface 
pressure. A stationary needle with a removable glass 
syringe was used to deliver varying amounts of IFN-alpha 
30 in 0.2 ml increments beneath the surface into the 
subphase. Surface tension reading were taken every 5 
minutes until no further changes were observed (<0.05 
dyne/cm) fr 30 minutes. Surface pr ssure, was 
calculated as the difference in surface tension in the 
38 absence of the lipid film and that of the film-covered 
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surface. The change in surface pr ssure was calculated 
as the difference in surface pressure of the lipid filn 
upon injection of pr tein into th subphase and that of 
the film in the absence of protein, i.e., at its initial 
surface pressure. Of particular interest was a comparing 
peptide's interactions with monolayers prepared from 
phospholipids and skin lipids. 
" Lipid Tr ansfer Shnrt^ ae 

In order to study the transfer of interferon from 
phospholipid liposomes (the drug delivery system) to 
liposomes prepared from stratum corneum lipids (the model 
membrane system), the terbium-dipicolinic acid assay 
described in fiaiMEs, 281:690 (1979) to study nonspecific 
transfer of aqueous compartment markers was used. The 
following four- populations of liposomes were prepared: 
(i) phospholipid liposomes containing 2.5 mK TbCl,, 50 mM' 
DPA and 50 mM sodium citrate; (ii) skin lipid liposomes 
containing 50 mM DPA; (iii) phospholipid liposomes 
containing 2.5 mM TbCl3, 50 mM .DPA and 50 mM sodium 
citrate; and (iv) skin lipid liposomes containing 2.5 »M 
TbClj, 50 mM DPA and 50 mM sodium citrate. Vesicles were 
separated from nonencapsulated material by passage of the 
dispersion through a l x 45 cm column of Sephadex G«7S 
Mixtures (l:i v/v) of liposome preparations (i) and (il) 
were incubated at 35*>c and fluorescence measurwnts 
carried out at various timia intervals. Maximum Tb 
fluorescence (that obtained upon complete mixing of the 
two liposome populations) was determined by measuring 
the fluorescence intensity of a quantity of liposome 
preparation (iii) or (iv) equal to that of the mixture of 
preparation (i) and (ii) . 

The specific transfer of peptide interferon was 
studied by^ incubation of phospholipid liposomes 
c ntaining C-interf eron with a p pulation of skin lipid 
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liposomes. The two liposome populations ver separated 
using neomycin reductively coupled to sepharose 2B as the 
stationary phase in- column chromatography. The method 
quantitatively separates liposomal populations based on 

5 the affinity of the various negatively charged lipids for 
neomycin. For example, liposomes of EL containing as 
little as 10 mole% PIP2 were quantitatively retained in 
0.2 M Maci while liposomes containing PS are recovered to 
70-97%. The results of this study were compared with the 

10 terbium-dlpicolinic acid study. 

Effect of PhosPhol 1- pid Ltp osmn^^ 

on Stratum Cori^ euwi r.i'p^^e 
Liposomally entrapped peptide interferon penetrates 
the full thickness of the skin and may alter the 
structural characteristics of the lipids associated with 
the stratum comeua. Association of the skin lipids with 
phospholipid liposomes results in slight alterations of 
stratum corneum lipid composition leading to the partial 
destruction of its bilayer orientation and its 
permeability barrier. Thermograms of skin lipid 
liposomas before and after incubation with phospholipid 
liposomes were compared. Additionally, stratum comeua 
obtained from guinea pigs and cadavers by the procedure 
described in fUmt Rgff, , 5:140 (1988) were tested by 
comparing their thermograms before and after incubition 
with phospholipid liposomes for various periods of time. 
Deviations from their characteristic thermograms, 
particularly peaks associated with lipid domains, are 
excellent indicators of changes in degree of lipid 
mixing, phase separation and phase transitions, e.g. 
bilayer to hexagonal phase. 

A Perkin Elmer DSC.2C scanning calorimeter, upgraded 
with a data station and necessary software for data 
analysis, was used for these studies. The lipos mal 
dispersions or rinsed stratum comeun was centrifuged and 
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wet pellets were placed in hermetically sealed sample 
pans. The reference pan contained an equal amount of 
buff r. All scans obtained from a heating rat of 
5®c/min. and a range setting of i mcal/sec. Indium 
5 standard was used to calibrate the calorimeter. The 
thermograms obtained were analyzed for changes in phase 
transition temperature, phase separation behavior and 
enthalpies of the transition peaks. 

Methods Related to De terminafcinj^ r^f 

10 Liposomallv Entrapned Peptide' s Diffuse on ThrQn«t| 

Intact Skin Prep aration of Membra nftg 
Excised guinea pig skin in Franz diffusion cells 
according to method described, in J. infect. nf«t. , 153: 64 
(1986) was used to determine the skin penetration for the 

IS efficacy of topical ant4,viral peptides/proteinstogether 
with membranes prepared with hairless mouse skin, 
hairless guinea pig skin, and human cadaver skin. The 
skin membrane used contained the full epidermis, the 
dermis, and a thin membranous covering at the- base of the 

20 dermis. Membranes such as these were trimmed to size and 
clamped between the diffusion cell chambers. Stratum 
comeum free membranes of all used skin membranes were 
prepared by tape stripping the skin and isolating the 
whole epidermis and the dermis for separate study by the 

25 gentle use of heat (60?C for about 60 seconds). Such 
membrane preparations were useful in showing interferons' 
diffusive mobility in deeper skin strata. 
Diffusion cell D^gei-<p^|yn 

A diffusion cell system which allows application of 
30 material to the skin surface in facsimile' to the way 
drugs are topically used was required for this phase of 
study. To avoid inherent deficiencies of this type of 
c lis such as inefficient temperature control, large 
hydrodynamic diffusi n layers and tendency for bubble 

35 
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format! n under the denois, a fl w-through finite dose 
diffusion cell manufactured by Crown Glass, Somnerville, 
NJ was used. The flow-through cell consists of a l.o ml 
receiver compartment having an inlet and an outlet to 
allow flow of solvent. In the operation of the flow- 
through cells, the receptor fluid was pumped from a 
temperature-controlled reservoir into and through the 
cell by a peristaltic pump (Rainin Rabbit, Rainin, 
Woburn, MA). After exiting the cell, the fluid enters a 
length of Teflon tubing and the drops which emerge from 
the end of each of the tubings are collected in test 
tubes situated in an automatic fraction collector (Isco, 
Lincoln, NE). The collector allows for simultaneous 
collection from a number of cells and replacement of test 
tubes with a fresh set at predetermined intervals. The 
distance traversed by the fluid in the outlet tubing is 
minimized so that the time of fraction collecti n 
correlates well with the time of skin absorption. The 
effective area for diffusion for the f low-thi?ough cells 
is . about 0.8 cm2. The flow-through cells are made of 
glass and are jacketed for temperature control - and 
studies can be performed at various flow rates to 
ascertain the influence of flow rate on permeation. 

The membrane was placed in its housing and the 
25 receiver compartment was. filled with calcium-magnesium 
free phosphate buffered saline of pH 7.0, containing 
about 1.25 mg/ml albumin, care was taken to ensure fluid 
contact over the entire skin undersurface so that n 
bubbles appeared. Temperature was maintained at 37®c. 
Liposomal systems that showed reasonable degrees . f 
entrapment and stability as well as their respective 
controls (free interferon with and without empty 
liposom 8) were int ntly spread as evenly as possible 
with a snail Teflon spatula made for the purpos in the 
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donor compartment. Liposomal dispersions containing 
radiolalselled int rferon were used to show the presence 
of radiolab 1 into and thr ugh the layers of th skin. 
Different concentrations of liposomes and different 
concentrations of the peptide interferon within the 
liposomes were tested. Each permeation profile was used 
to show the diffusional lag time (time to establish a 
measure flux) and also to indicate the rate of permeation 
and the amount permeated as a function of time, side- 
by-side comparison of profiles thus r^eadily revealed 
which of' several applications delivered drug in a 
preferred fashion, more promptly and in greater amount in 
the early stages of permeation, with peptide interferon 
it is desirable that a burst of material passes into the 
IS living epidermal mass so it can immediately shore itself 
against viral replication. Those systems which show 
reasonable indication of uptake were assayed by the 
plaque reduction assay to determine if biologically 
active interferon molecules and not inactivated 
interferon protein were transported. 

Weasurement of T^se ue strata Concent;ra<- |nr^ 
The therapeutic efficacy of topical antiviral drugs 
depends upon how soon the drug reaches the basal c 11 
layers and attains a concentration sufficient to inhibit 
25 virus replication. Thus, the viral replication is a 
sensitive measure of the drug efficacy. The stratum 
comeum, in addition to serving as a rate limiting 
barrier, also functions as a reservoir for drugs. 

The skin stripping method and radiolabeled ^^Sj. 
30 interferon was used for rapid range-finding. Skin was 
exposed to free and liposomally entrapped peptide 
interferon as described in the diffusion cell studies. 
At vari us times the skin was r moved fr n the cell and 
wiped fr e f surface r tained "material with alcoholic 
35 swabs. Scotch tape was applied over th conditioned skin 
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area, pressed tightly to th skin, and then pulled away 
The tape and adhering cells were digested with the aid f 
a tissue oxidizer and assay d by liquid scintillation 
counting. The aaount of tissue harvested from a single 
tape stripping was determined by taring the t«oe and 
weighing again post stripping. Polyester tape was found 
to be more suitable and was used for this purpose sine 
cellophane tape was found to be too hygroscopic to allow 
accurate weighing. Surface adsorbed peptide was 
10 accounted for by comparing the first tape stripping with 
subsequent strippings. io-15 strippings are generally 
required to completely remove the stratum comeum. These 
were pooled in sets of three so that the drug levels at 
5 successive depths were roughly estimated. Once the 
15 homy layer was removed, the underlying tissue was 
excised and further sectioned, using 30 seconds of 60° 
heat to effect separation of the skin at the epidermal- 
dermal junction. since the heating was of such short 
duration, the activity of peptide was not affected. - 
20 systems showing reasonable strata concentrations 

were tested using the biological assay method. The 
tissue was homogenized, quick frozen on dry ice and 
thawed once, minced with scissors, and homogenized using 
a Tissuaizer. (Teknar Co., Cincinnati, OH) in ice-cold 
25 HEPES-buffered saline (pH 7.4) containing 1.25 ag/al 
. albumin. The effects of tissue extraction (heating at 
60 c for 30 seconds and homogenization) on the biological 
activity of interferon was determined by spiking 
duplicate samples of tissue with known quantities of 
30 interferon immediately after removal of the horny layer. 

Of Drug Delivery on Wny^^n CadavAT- g^^n 
Liposomal vehicles , promotion of drug delivery of 
peptld 8/protelnsirtto human skin was determined as an 
lilt rmediate st p to clinical assessment of peptide 

35 
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activity. Human cadaver skin was substituted for guinea 
pig skin in the above d scribed experiment using the 
liposomal syst m of delivery which appear most f f ctive 
in the guinea pig skin work. One- inch wide strips of 
5 abdominal skin taken fresh from autopsy was treated with 
60^c water for two minutes. This procedure frees the 
epidermis from underlying tissue. Epidermal membranes 
suitable for the finite dose cell were cut from these and 
studied as previously described. 
10 Methods Related emonstrati on of the Intradermal Delivery 
of tiposoTOallv Entrapped Tnti erferon Tnho 
Virus-Tnfected Cells 
Measurements of tissue strata concentration in live 
guinea pigs were done using the following method. Dorsal 
15 skins of living guinea pigs using Hill Top Chamber 
adhesive chaunbers were used for determination of 
interferon or other antiviral peptide levels. These 
chambers can be retained by unrestrained animals for a 
number of days. Sorptive pad inserts soaked with the 
20 vehicles of interest was kept in contact with the skin in 
this way for a period of similar duration to the in vitro 
permeation experiments. Upon removal of the chamber, 
interferon concentrations in. the various strata of the 
skin were biologically assayed as previously described. 
25 P^t^raination of Antiviral Ae<.^^<<- v in a Hemes 

Guinea Pig MoHaI 
The cutaneous herpes guinea pig model was selected 
for use as the disease state most closely resembling that 
seen in human beings in clinical appearance and duration. 
30 The model represents a marked improvement over herpes 
virus infection models seen in other animals. 

The severity of the infection expressed as a lesion 
score was us d to d termine the topical activity of 
liposomally encapsulat d int rf ron as illustrated in 
Example . 6. In addition, dermal toxicity measur d by 
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erythema and indurations was m asur d and detenaination 
made whether it is induced by either free" or entrapped 
int rf eron or by the liposomes themselv s. 

To quantitate the antiviral effect of 
5 interferon preparations, the scoring system of Alenius 
and Oberg Ay<?h. Viyo^., 58:277 (1978) was used with 
photographs serving as standards for scores of 1,2,3, 
III, II, and I. After inoculation of the guinea pigs 
with HSV-l as described above, the inoculated areas were 
scored daily for 9-11 days. All scoring was done blind. 
Time to healing was noted also for each test formulation. 
Statistical significance was determined using techniques 
of profile analysis, paired t-tests and analysis of 
variance. 

15 In separate experiments virus titers in infected 

skin were measured to determine if the interferon 
preparations were inhibiting viral replication. Guinea 
pigs were sacrificed and the individual areas of 
inoculation sites excised. Skin samples were frozen and 
20 thawed once, minced with scissors, and homogenized 
(Tiesumizer, Tekmar Co., Cincinnati, OH) in ice-cold 
HEPES-buffered saline at pH 7.4 (102) containing 100 
Units of penicillin and 100 ug of streptomycin per ml. 
The suspension was centrifuged. at 900 x g and the 
25 centrifugate stored at -ie'^C for subsequent assay in BHK- 
21/4 cells according to the procedure Antimicrob. A»oy,i.« 
Chemothey, ^ 9:120 (1976). 

The topical activity of small peptide, molecules and 
interferons was also tested on white human skin obtained 
30 from human cadavers. Skin was from subjects between 20 
and 70 years of age was used without regard to gender. 
For health reasons, restrictions were placed on the cause 
of death. ' No dls as d skin was accepted. Time of death, 
the age, the gend r and the site from where the skin was 
35 reaov d was noted. 
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The compositions of this ' inv ntion prepared by 
dehydration/rehydration method are extremely suitable and 
efficacious in intradermal delivery of peptide. 
5 Moreover, these compositions have high entrapment of the 
peptides/proteins and are very stable. 

The invention concept that direct transfer of 
peptide/protein drug from liposomes to skin occurs only 
when the drug is associated with the bilayer has been 

10 tested. Several liposomal formulation consisting of 
negative MLVs or LUVs prepared by standard methods, 
negative DRVs prepared by dehydration/rehydration method 
and skin lipid liposomes DRVs prepared by 
dehydration/rehydration method all having encapsulated 

IS peptide, interferon, were tested against the virus control 
using the cutaneous herpes guinea pig model described in 
Example ?.- The formulations used 9x9. described in 
Examples 2 and 3. 

The topical activity of agueous formulation and 

20 water-in-oil formulations of interferon also tested, is 
shown in Figures 1 and 2. Neither aqueous or water-in- 
oil formulation have shown a difference in their topical 
activity when compared to the untreated virus control. 
Similarly, the topical activity of the negative MLVs 

25 or LOVs interferon formulations prepared by standard 
method did not differ from that of the virus control as 
seen. in Figures 3 and 4. 

On the other hand, the . interferon was transported 
through guinea pig skin when incorporated in negative 

3Q DRVs and skin lipid DRVs prepared by 
dehydration/rehydration method and these formulations 
were able to reduce lesion scores, as illustrated in 
Figures 5',e and 7. This indicates that the m thod of 
liposmal preparation is th most important factor in 

35 reducing 1 sions in the cutane us guinea pig mod 1. It 
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appears that the dehydration and subs quent rehydration 
of the liposomes facilitates partitioning of the peptide 
into the liposomal bilay r at a point wh re it is 
positioned for transfer into the lipid compartment of the 
stratum comeum. This finding is supported by the 
results shown in Figure 7, where the skin lipids 
(CE:CH:pa:chs) DRV liposomes appear to be even more 
efficacious than the phosphialipid based on negative DRVs 
shown in Figures 5 and 6. 

Figure 8 further support this finding because there 
the empty skiii liposomes are used containing nonentrapped 
free peptide/protien interferon. As can be seen, there 
is no difference between topical activity of the empty 
skin liposomes and free interferon and the virus control. 

DRV derived liposomes provide further advantages in 
that the entrapment of the peptide in the drv liposomes 
prepared by standard methods as illustrated in Example 4 
and Table l. ih all DRys the entrapment is almost twice 
as high or more. 

The DRV derived liposomes show also iauch better 
stability against MLVs. For up to 10 months, the total 
entrapment, of the peptide in DRV liposomes is around 95%, 
representing essentially no change in entrapment from the 
92% at one month. 

These and other aspects of this invention become 
apparent from the following examples which intend to 
illustrate but not limit the current invention. 

Materials and Me«;hftf^« 
Egg lecithin (EL) , cholesterol (CH) , cholesteryl 
sulfate (CHS) , bovine brain ceramides (CM) , palmitic acid 
(PA), and dimyristoylphosphatldylcholine (DMPC) wer 
obtained from Sigma Ch mical co; (St. Louis, MO.). 
Ph sphatidylserine (PS) was obtained from Avanti Polar 
Lipids (Birmingham, Ala.) . Alpha-tocopherol was obtained 
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from Eastman Koc!ii&k C . (R Chester, N.Y.). Lyophilized 
r cofflbinant leukocyte A IPN in vials, ach containing 18 
X 10^ lU of IPN, 9 ag of sodium chloride^ and 5 mg of 
human seruin albumin, was supplied by Hoffnann-LaRoche 

S Inc. (Mutley, J. J.). CH was recrystallized twice from 
ethanol. All other compounds were used as received. The 
S-148 strain of HSV type l (HSV-l) was provided by T.w. 
Schafer of Sobering Corp., Bloomfield, N.J. Titration 
was. performed by plaque reduction in BSC-1 cells as 

10 described previously. 

Example 1 

Nonliposome Interferon Formulatiftne 
An aqueous interferon solution containing 5.4 x 10^, 
lU of interferon alpha per ml, and interferon containing 
"^5 water-in-oil emulsion containing mineral oil buffered 
solution of arlacel 80, in ratio 6:3:1 with the same 
amount (5.4 x 10^ lU) of interferon were prepared and 
tested in the cutaneous guinea pig model and compared to 
an untreated virus control. 

The results are summarized in Figures 1 and 2 . 

Example i 
Interferon Foraiul at ^ 

Three types of liposomes were prepared, tested and 
compared to the virus control. 

2S In all cases, the of the formulation final volume 

was adjusted so that the concentration of total lipid was 
10.0 umol/ml. The ratio of interferon (IFM) to human 
serum albumin was maintained at 4 x lo® iu/mg and the 
final IFN-alpha concentration was 5.4 x 10^ lu/ml of 

^ suspension. 

The effect of lipid composition was tested by 
preparing, negative liposom s of EL-CH-PS and DMPC-CH-PS 
at "m lar rati s f 2:1:0.33. An antioxidant alpha- 
toe pher 1 [l%3 was added to all liposomes containing 
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EL. Liposomes w re also prepared from lipids with 
compositions similar to those found in the stratum 
comeua using lipids CM:CH:PA:CHS in molar ratio 
(4;2.5:2.5:l). 

nUU Multilamellar liposomes (MLV) were prepared 
by standard procedures such as herein described thin- 
film. 

The lipid mixture containing EL:CH:PS in molar ratio 
2:1:0.33 alpha-tocopherol in 1% amount was added, and the 
mixture was dissoived in chloroform and rotary evaporated 
under nitrogen. The flask containing the thin lipid film 
was then stored overnight under vacuum to facilitate 
removal of residual solvent. The lipid film was 
resuspended at a temperature above the phase transition 
IS temperature of the phospholipid in calcium- and 
magnesium-free phosphate-buffered saline (pH 7.o), 
containing IPH and human serum albumin, and the mixtur 
was vortexed for 10 to 30 min. The free drug was not 
reinoved, since leakage from the aqueous liposomal 
20 compartment was minimized when the external thermodynamic 
activity of the drug approximated its thermodynamic 
activity in the aqueous compartments of the liposomes. 

WVj. Large unilamellar vesicles (LUV) were prepared 
with an extrusion apparatus fitted with 100-nm-pore-size 
25 Nuclepore polycarbonate membrane filters. The method 
utilizes observations when MLVs are repeatedly extruded 
through 0.1 um pore diameter polycarbonate membranes 
under 250 lb of pressure per inch (2) , their average 
diameter becomes progressively smaller, reaching a 
30 minimum of 100 hm after about 5 to 10 extrusions. As the 
MLV are forced through the pores, successive layers ar 
peeled, until one intact bilayer remains. The MLVs 
pr par d as above were submitted to repeated xtrusion 
until LUVs were prepar d. 

35 
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Both MLVs and LUVs containing inf prepared by 
standard methods w re tested against the virus controls. 
The results are sh wn in Figures 3 and 4. 

Example 3 

5 Dehvdration/RehvdT'af '.lon 1 jposomgo 

behydration/rehydration liposomes were prepared by 
the method of Kirby and Gregoriadis Liposome Techno! ngy ^ 
Vol.1, p. 19-28 (1980) CRC Press. 

Briefly, empty sonicated vesicles were mixed with an 
10 aliquot of IFM stocl? solution containing 5. 4 x 10^ lU/nal 
of INT-alpha. The mixture was dried under a stream of 
nitrogen. During dehydration, the small vesicles fused 
to form a multilamellar film that effectively sandwiched 
the INF solute molecules between successive bilayers. 
15 Upon rehydration, large vesicles which had encapsulated 
a significant proportion of the solute were produced. 
All three DRV liposome^ INF formulation and one 
formulation of empty DRV liposomes wee tested against 
virus control in cutaneous guinea pig model. The results 
20 are show in Figures 5-8. 

Example A 
interferon Entrani«an» 

This example illustrateia the degree of interferon 
entrapment in various liposomes. 
25 Various types of liposomes were prepared according 

to Table 1, and the volume adjusted so that the final 
concentration of total lipid was 100 umole/ml, and the 
final IFN-alpha concentration was 1.8 x 10^ I.u. per ml 
of suspension. 

30 Two aliquots of 100 ul were removed and one aliqu t 

was frozen for future assay and marked Total IFN aft r 
its volume was brought up to 1 ml with 1.25% HSA in 
HEPES. The sec nd aliquot was placed in a Beckman 
c ntrifuge tube and c ntrifug d at 148,000 x g in a 
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B ckman Airfuge for 30 minutes. The supernantant was 
withdrawn and the pellet was washed 3 tim s with loo ul 
HEPES buffer. The weight of the pellet was approxinately 
200 ng. 200 ul of 1.25% HSA. in HEPES were then added and 
5 the volume was brought up to 1 ml with HEPES and the 
samples were frozen for future assay (Entrapped IFN) . 
The pellet was dissolved in 500 ul of 0.4% sodium 
deoxycholate in HEPES (previously shown not to interfere 
with interferon assay) , and the volume was brought to l 

10 ml with HSA solution. . The samples were* then frozen f r 
future assay and designated Free IFN. Mass balance 
(Total lFN"Entrapped IFN + Free IFN) was always obtained 
within the sensitivity of the interferon assay. The 
percent of interferon entrapped for the various types of 

IS liposomes tested is shown in the entrapment of interfer n 
in positive, negative and neutral vesicles are compared 
to entrapment 5ji DRVs. The results are show in Table 1. 

Table 1 

20 Percent of IFN ErfcrapTni>nt 

Lipid Composition PRV 
EL:CH:PS 10^ 19 

EL;CH:SA 6 n 

EL:CH ^ 3 2.9 

25 DMPC:CH:PS 12 26 

DMPC 2 3 



Example 5 

30 Liposomal Interferon 

This example illustrates the stability of liposome 
interferon formulations over the 12 month storage period. 

The particle size distribution of the MLVs and DRVs 
(Tabl 2) show d no apparent changes over th 12 month 
3g storage period as determined, using light microscopy. 
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Electron micrographs of supernatant samples at 0-12 month 
storage periods gave no evidence of significant amounts 
of smaller vesicles (<5% on a volume basis) . 

In oMeT- to evaluate the stability of both free and 
entrapped interferon when incorporated into liposomal 
formulations and to determine the leakage of entrapped 
interferon from the liposomes, two ml of each of the 
liposomal suspensions tested were stored in a 
refrigerator at 2<» -4»C. At various times, two aliquots 
of 100 ul were removed and processed and assayed as 
described in the previous sections. The percent of free 
and entrapped interferon remaining (IFM%»100 at time 
zero) for the various types of liposomes tested is at 
various time periods is shown in the following table. 
^5 Table 2 



10 



20 



25 



Time 


DMPC:CH 


(KLV) 


EL:CH:SA(DRV) 


EL: CH: PS (DRV) 


(Months) 


%Entr. 


% Free 


%Total 


%Entr. %Free 


1 


90 


75 




92 90 


2 


105 


102 


90 




3 


88 


75 




102 99 


4 


95 


77 


102 




5 - 








102 98 


6 






72 




7 








92 91 


8 






83 




9 








95 115 


10 






83 


• 



.30 Example 6 

Pi.oJ,oqj.cal Activity of Lino s oine Tnt^grferon Formulations 
This example illustrates the biological activity of 
lip. some interferon formulations. 

Th Franz diffusion cell was us d for these 
35 exp rim nts. The c 11 had an ef fectiv ar a for 
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diffusion of 0.785 cra^, and the receiver compartment 
volumes ranged from 4,6 to 5.0 ml. Th receiver 
c npartm nt was filled with solvent, and the membrane of 
the hairless guinea pig intact skin was placed over the 
upper opening of the receiver, in contract with the 
liquid. A rubber o-ring was placed around the outer edge 
of the membrane and the upper cell cap was clamped into 
place. Small magnetic stirrers at the bottom of the 
receiver compartment stirred the contents. 0.3 ml of 
each formulation according to Table 3 was placed in one 
of 9 donor compartments. 

Skin from the same hairless guinea pig was used in 
all 9 diffusion cells of a given experiment. The 
receiver compartment contained 1.25% HSA in HEPES buffer. 
15 For sampling, l ml was withdrawn from receiver 
compartment and replaced with 1 ml 1.25%. HSA in HEPES 
buffer. For each of the formulations tested, cells 1-3 
contained the liposome formulation (IFN- 1.8 x 10® U/ml) ; 
cells 4-6 contained the aqueous IFN control (1.8 :c 10® 
20 lU/ml). 

The following chart summarizes the total amount of 
biologically active interferon transported at 48 hours. 
In all cases no interferon could be detected in the 
receiver compartment with any of the control formulations 
25 tested. 

Table 3 - 

E pniWlflt i Pn Percent Recovered 

EL:CK:PS MLVs . o 
30 5% Azone Dispersion o 
25% DKSO Dispersion o 
EL:CH:PS:LUVs o 
EL:CH:PS DRV8 1.7 (S.D. - 1.06) 
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Example 7 

Topic^X h<?tivitV of Liposonallv Enca nsulai^A^ Ty^terfer^j 
This example Illustrates topical activity of 
liposome encapsulated interferon against HSV-I in the 
5 cutaneous guinea pig model. 

The cutaneous herpes guinea pig model was used to 
test whether intradermally delivered liposomaily 
entrapped interferon will enter virus-infected cells. 
The severity of the infection as measured by cumulative 

10 lesion scores during infection and the time to healing 
was used to determine the antiviral effects of free and 
liposomaily encapsulated interferon. 

Adult female hairless guinea pigs (Crl:lAF(HA)BR) , 
supplied by Charles River Laboratories, inc. , Wilmington, 

15 MS, weighing 300-400 g were used. The backs of the 
animals were divided into six squares with a marking pen. ' 
In the center of each area 25 ul of strain 148 herpes 
simplex virus type l (HSV-l) at a titer of 3.2 x 10^ 
PFa/ml was applied. The virus was inoculated under 

20 anesthesia with a spring-loaded vaccination instrument 
(Stemeedle Gun, Panray Division, Ormont Drug Co., 
Englewood, NJ) which was released 10 times producing 
inoculations 0.75 mm deep on each skin area. The 
procedure was essentially according to Am. m.y. Ae»c^, 

25 Sfiia., 284:624 (1977). 

The three areas on the left or right sides of each 
: animal was treated topically one to three times per day 
for five days beginning 24 hours after inoculation with 
varying concentrations and amounts . of free and 

30 encapsulated interferon. The results of the studies on 
the effects of the amount of interferon within the 
liposome and the effects of the total number of liposomes 
in 2Li£C2 transport of interferon was used to determine 
how these parameters influence desired levels of drug in 

35 the receiver compartm nt, and m r importantly, in the 
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Skin. The c ntralateral sites received either no 
treatment or vehicle alone and served as control site(s) . 
Any d mal t xicity due to thcj test pr parations wer 
noted and scored as none (0), very slight (+) , slight 
S (+), moderate (++) , or severe (+++). 

To quantitate the antiviral effect of interferon 
preparations, the scoring system of Alenius and Oberg vas 
used. All of the cutaneous guinea pig model experiments 
were performed using hairless guinea pigs. A wide 
variety of formulations depicted in Figures 1-8 were 
evaluated for therapeutic efficacy against experimental 
dorsal cutaneous HSV-l infection. Lesion score vs. time 
plots are shown for all the formulations tested. 

The effects of liposomal charge, composition and 
15 method of preparation were tested by using negatively 
Charged DRVs, LUVs or MLVs ELiCHtPS in molar rktio 
2:1:0.33, or DMPC:CH:PS in molar ratio 2:1:0.33, and 
dehydration/rehydration skin liposomes CE : CH : PA : CHS in 
molar ratio 4:2.5:2.5:1. 
20 , cases, the final volume was adjusted so that 

the concentration of total lipid lOO umole/ml. Th 
effect of liposomal type was tested by using MLVs, DRVs 
and LOVs. With the exception of the set of experiments 
performed. in thei absence. of human serum albumin (HSA) , 
25 the ratio of interferon to HSA was maintained as 1 x 10^ 
IU:0.25 mg. An aqueous interferon solution, an 
interferon-containingwater-in-oil emulsion (mineral oil: 
buffered solution :Arlacel 80: 6:3:1). and a commercial 
topical antiviral product (Acyclovir) were tested using 
30 the same model. The results are shown in Figures 1-8. 

In order to gain a greater degree of sensitivity 
and reduce intersubject variability, the **side-by-side*' 
technique,' where each contralateral site served as a 
control site was used for the remainder f th 
35 experiments in the phase f the study. Blots of lesion 
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score differenc s wherein a value of sere indicates no 

difference from that of th control vs. tim more clearly 

show the fficacy, or lack thereof, f vari us 
inter feron-containing formulati ns. 

Example ^ 

Liposome Interferon Dermal irritatlnt^ 
This example illustrates that the dermal irritation 
of liposome encapsulated interferon. 

Representative liposomal formulations were tested 
for dermal toxicity. only the liposomal formulations 
containing stearylamine (positively charged liposomes) 
caused a slight redness upon twice daily application f r 
three days. The neutral and. negatively charged liposomes 
15 whether MlVs, LOVs or DRVs demonstrated po reddening or 
produced a very slight redness. The degree of irritation 
was independent of the liposomal type (MLV, LDV or DRV) 
and was related to lipid composition. Stearylamine and 
other positively charged substances, i.e., quaternary 
ammonium compounds, have been previously reported to be 
skin irritants, and therefore the findings of their 
irritability was not surprising. 
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WHAT IS CLAIMED: 

1. A topical composition comprising a liposomally 
encapsulated peptide or protein normally very little 
penetrating or nonpenetrating through a skin. 

2. The topical composition of Claim 1 wherein the 
liposomes are prepared by dehydration/rehydration method. 

3. The topical composition of Claim 2 wherein the 
liposomes allow the normally very little penetrating or 
nonpentrating peptide or protein to penetrate 
intradernally through the stratum corneum to the 
underlining target tissue. 

4. The composition of claim 3 wherein the 
liposomes are negatively charged.. 

5. The composition of Claim 4 wherein the peptide 
has molecular weight between 900 and 50,000. 

6. The composition of Claim 5 wherein the peptide 
is selected from the group consisting of interferons, 
hormones, enzymes and immunostimulators. 

7. The composition of Claim 6 wherein the peptide 
is interferon. 

8. The composition of Claim 6 wherein the peptide 
is hormone. 

9. -The composition of claim 6, wherein the peptide 
is imaun stimulator. 



-Ag- 
io. The composition of claim 6 wherein the liposome 
lipids are s lected from . the group consisting of egg 
lecitin, cholest rol, phosphatidylserine, dimyristoyl, 
phosphatidycholine, ceramide, palmitic acid and 
5 cholesteryl sulfate. 

11. The composition of Claim 10 wherein the 
liposomes comprised of egg - lecitin, cholesterol and 
phosphatidylserine and optionally alpha-tocopherol . 

10 

12. The composition of ■ Claim 11 wherein the molar 
ratio of egg lecitin to cholesterol to phosphatidylserine 
is 2:l;0.33. 

15 13. The composition of claim 10 wherein the 

liposomes comprise dimycistoylphosphatidylcholine, 
cholesterol and phosphatidylserine. 

14. The composition of Claim 13 wherein the molar 
20 ratio of dimyristoylphosphatidylcholine to cholesterol to 

phosphatidyserine is 2:1:0.33. 

15. The composition of Claim 10 wherein the 
liposomes comprise ceramide, cholesterol, palmitic acid 

25 ^nd cholesteryl sulfate. 

16. The composition of Claim 15 wherein the molar 
ratio of ceramide to cholesterol ' to . palmitic, acid to 
cholesteryl sulfate is 4:2.5:2.5:1. 

30 

17. The composition of Claim 12 wherein the peptide 
is interferon. 

18 . The composition of Claim 14 wherein th peptid 
35 is inter f ron. 
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ls. Th composition of Claim 16 where the peptide 
Is interferon. 

20. A method of treatment of viral diseases 
comprising, a therapeutically effective amount of a 
antiviral peptide or protein encapsulated in liposomes 
prepared by dehydration/rehydration method administered 
topically to a subject in need of such treatment. 

21. The method of claim 18 wherein the antiviral 
compound is interferon. 

22. A process for preparing a topical composition 
of peptide encapsulated in liposomes comprising steps. 

(a) preparing empty sonicated liposomes; 

(b) mixing said liposomes with a peptide or 
protein solution; 

(c) encapsulating said peptide or protein into 
the liposomes; 

(d) dehydrating said liposomes; and 

(e) rehydrating said liposomes. 
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